Starting with the quantum BBGKY-hierarchy for the distribution functions, we have obtained the quantum kinetic equation including the dynamical screening of the interaction potential, which exactly takes into account the exchange scattering in the plasma. The collision integral is expressed in terms of the Green function of the linearized Hartree-Fock equation.The potential energy takes into account the polarization and exchange interaction too.
Introduction
The exchange interaction and dynamical screening are important in the cases of degenerate gases and liquids, electrons in metals and in degenerate semiconductors, in quantum dots. The non-linear kinetic equation taking dynamical screening due to plasma polarization into account for weakly coupled plasma was derived the first time by Balescu [1] using Prigogine's diagram techniques and a little bit later by Lenard [2] who solved the Bogoliubov equation for the pair correlation function in the plasma approximation. Before Balescu and Lenard the plasma kinetic description was restricted to the Vlasov equation for distribution function   (p r ) with self-consistent field   (r ) [3] 
or to the Landau equation [4] 
with a collision integral, which was derived from the Boltzmann equation by expansion in powers of small momentum transfer. In these conditions, the presence of the long range Coulomb potential interaction 4     2 leads to divergence of the collision integral for dynamical screening of the interaction potential, described correctly the conservation of the total energy in a non-trivial way. Starting with the BBGKY-hierarchy for the quantum distribution functions, we have obtained the quantum kinetic equation including the dynamical screening of the interaction potential, which exactly takes into account the exchange scattering in a non-trivial way. The potential energy takes into account the polarization and exchange interaction too.
The quantum BBGKY-hierarchy
The quantum hierarchy for a multicomponent plasma in the operator techniques takes the form
where   (1) and   (12) are one-and two-particle density matrices, [ ] is the Poisson bracket.
is the kinetic energy,
is the two-particle Hamiltonian, and   (12) is the two-particle interaction potential. Let us introduce the new operators [9] :
where the symmetrization operators are
  = 1() −1( );  (12) is the permutation operator. Therefore,
The symmetrization operators (13), (14) are convenient in that they give the possibility to partially transmitting the permutation operator  (12) from the density matrix to the interaction potentials. The density matrices   (12) etc possess the quantum symmetry properties:  (12)  (12) =   (12) (12) etc, whereas the density matrices b   (12) etc possess only the classical symmetry properties:
For the classically symmetric density matrices the usual conditions for disentanglement of equations hold, which are the same as those in the classical statistics. Specifically, in the plasma approximation [10] , when the triple correlation function is neglected,
where b   (12) is the pair correlation function. By substituting (11), (12), (17) and (18) into (7) and (8) one obtains a closed set of equations for the one-particle distribution function and two-particle correlation function.
where
is the Hartree field, i.e. mean self-consistent field [11] and
is the Fock field, mean field, taking into account only exchange interaction (Pauli's principle) [11] .
In the plasma approximation in (20) the term [ 0  (12) b   (12) ] which describes the direct interaction of two particles (1,2) is not taken into account.
Let us consider the homogeneous case,    (1) = 0. Assume   (1) to be diagonal with respect to spin variables. In the p-representation (19) and (20) take the form
is the energy of the quasiparticle,
In the Wigner representation the kinetic equation (27) takes the form:
Here the spin variables are omitted for simplicity.
3 The collision integral for quantum plasma with polarization and exchange interaction
The expressions for the collision integral and the internal energy take the forms
where the functions Ψ
(1)
are determined by (53), (54), (55), (56) (see the appendix). The complete description of the exchange interaction of particles is reduced to the solution of the linear integral equation (56)).
The collision integral (33) and the internal energy (34) are expressed by the amplitude of the scattering interaction Γ  (p p 0 ) which satisfies the linear integral equation (56). The solution of this equation in the case of Coulomb interaction of the particles is difficult and requires an appropriate approximation. The simplest approximation is the replacement of the expression under the integral of (56) by the averaged over the impulse value
Then, the dielectric function taking into account exchange interaction particles, takes the form:
is the polarization. One form of (k) was found using a variation procedure in the problem of dielectric function of Hhelium [12] 
Using the expression for the pair correlation function, we find the Markovian collision integral
and the internal energy of particles
From the expressions for the internal energy of the particles (41) and for the collision integral (39) follows that¯e ( k)¯2 plays the role of the screening of the interaction potential Φ(k). It is interesting to note that (39) and (41) are different from the corresponding Balescu expressions in taking into account the exchange interaction in this screening. Moreover the collision integral (39) contains the additional renormalization of the interaction (1 − (k)). However e ( k) does not serve as linear response function, in contrast to the Hartree-Fock dielectric function   (k) in (36). In the equilibrium state, expression (41) satisfies the fluctuation-dissipation theorem since
Conclusion
Using the operator technique within BBGKY hierarchy we obtained a closed set of equations for the one-and two-particle density matrices, referring to the plasma approximation which considers also the exchange interaction. The equation for the pair correlation function is solved with the help of the resolvent of the Hartree-Fock equation. The expression obtained for the pair correlation function takes into account the exchange interaction. The latter is described in the terms of the scattering amplitude which is subject to the integral equation formulated above. The expression for the collision integral and the internal energy are obtained with the exchange interaction and polarization taken into account. The kinetic equation obtained is free of divergencies both at small and large wave numbers. It completely incorporates the exchange interaction between particles both in the renormalization of the potential and of the dielectric permeability. The latter is particularly important in systems with finite number of electrons.
Appendix 1
The solution of the equation for the pair correlation function b   (p p 0  k) in the Wigner form can be expressed in the spatially homogeneous case in terms of the resolvent (28) and its source (31):
with the resolvent   0  0 (p p 0  q q 0  k ) in (45) being a product of two resolvents
which satisfy the linearized Hartree-Fock equation
The solution of (48) takes the form
where we introduced the notations
and
is the dielectric function with exchange interaction. The exchange scattering amplitude Γ  (p p 0 ) for (52-55) satisfies an integral equation, which contains only the exchange interaction potential:
Γ  (p p 0 ) depends on k and  as on parameters and is similar to the vertex-function, well-known in many-particle perturbation theory.
The formulae (52-56) yield the general expression for the pair correlation function with complete description of the polarization and the exchange interaction of the particles:
